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对葡萄糖识别具有快速响应（[Glu]  7.5 mg/dL，τ 响应  22.1  0.1 s ）、高灵敏度





该 AB-PCCA 是由葡萄糖响应性的胶体阵列单元聚 Ag@聚（4-乙烯基苯硼酸
-co-丙烯酸二甲胺基乙酯）[Ag@poly(VPBA-co-DMAEA)]复合微凝胶嵌入到聚丙烯
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片，得到含 AB-PCCA 的隐形镜片（缩写为 AB-PCCA lens）。AB-PCCA 具有抗菌
性，且与葡萄糖结合具有响应速度快（[Glu]  7.5 mg/dL，τ 响应  11.8  0.1 s ）、
高灵敏度（检测限为 81.6 μg/dL）、高选择性（糖类干扰为  2.7 %）的特点。进一





















Glucose is the main transport form of the Carbon-cycle and energy in the body. 
Certain diseases such as cystic fibrosis, renal glycosuria, and diabetes have been 
aroused because that the balance of blood sugar is breakdown, which has been seriously 
affected human life. Therefore, the accurate monitoring of glucose concentrations is   
important foundation in the management and treatment of the diseases such as diabetes 
and other disease which associated to the glycometabolism.  
However, the finger-stick blood test, which is commercialized, causes pain and 
discomfort to patients. Many researchers are putting on the development of 
non-invasive glucose sensors to get blood sugar concentration. Among those sensors, 
practical non-invasive technology is to measure glucose in a continuously accessible 
body fluid, such as tear-fluid or urine, and then get the blood sugar concentration 
indirectly based on the relation between glucose content in fluid and blood sugar 
concentration. 
In this dissertation we select the phenylboronic acid (PBA) as the glucose sensitive 
element, and the main results were shown as follows: 
1. We present a NIR-PCCA, comprising a crystalline colloidal array (CCA) of 
glucose-responsive poly (styrene-co-acrylamide-co-3-acrylamidophenylboronicacid) 
microgels embedded within a slightly positive charges hydrogel matrix of poly 
(acrylamide-co-2-(dimethylamino)-ethylacrylate).  
This newly designed NIR–PCCA can reflect near-infrared (NIR) light, whose 
intensity (at 1722 nm) would decrease evidently with increasing glucose concentration 
over the physiologically relevant range in tears. The lowest glucose concentration 
reliably detectable was as low as ca. 6.1 μg/dL. The characteristic response time 
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concentration is, the faster the time response. Such a rationally designed NIR–PCCA is 
well suited for NIR sensing of tear glucose under physiological conditions.
2. We present an AB-PCCA, comprising a CCA of glucose-responsive 
Ag@poly(4-vinylphenylboronic acid-co-2-(dimethylamino)ethyl acrylate) hybrid 
microgels embedded in a hydrogel matrix of poly(acrylamide), which is then 
incorporated into daily wear soft contact lens (denoted by AB-PCCA lens).  
These newly designed AB-PCCA and AB-PCCA lens not only possess good 
antibacterial properties, but also can reflect near-infrared (NIR) light, whose intensity 
(at 1448 nm) would decrease evidently with increasing glucose concentration over the 
physiologically relevant range in tears with high sensitivity, high selectivity at a fast 
time response. The lowest glucose concentration reliably detectable was as low as ca. 
81.6 μg/dL, and the characteristic response time τsensing was 11.8  0.1 s when adding 
glucose to 7.5 mg/dL. When subject to rabbits (act as the model), the AB-PCCA lens 
appeared to track glucose well in an intravenous glucose tolerance test (a 90-min period) 
up to 91 days.  
Key Words: Polymerized Crystalline Colloidal Array; Glucose-sensing Nanogel; 



























































对缺乏，占患者人数 5%  10%）；II 型糖尿病（包括胰岛素抵抗及胰岛素相对不
足，占患者人数 90%以上）；妊娠型糖尿病（妊娠期间首次发现的糖耐量减退或
糖尿病发作，多数患者分娩后血糖恢复正常，但约有 30 %的患者在 5 到 10 年后，
转为 II 型糖尿病）；特殊类型糖尿病（包括继发性以及一系列病因明确的糖尿病）。 
 
 
图 1-1：2013 年，IDF 对世界各地区糖尿病患者（20-79 岁）统计分布图[2]。 
 
2013 年，国际糖尿病联盟（IDF）对成年人（20-79 岁）糖尿病患者的最新统























和 ADA（2003 年）标准。根据美国糖尿病协会（ADA）2013 最新发布指南[3]，糖
尿病诊断标准（2003 年）仍然适用见表 1-1。 
中国目前采用 WHO（1999 年）糖尿病诊断标准[4]，如表 1-2 所示内容。空腹
血浆葡萄糖或 75 g 口服葡萄糖耐量检测（OGTT）后 2h PG 值可以单独用于流行
病学调查或人群筛查。但我国资料显示仅查空腹血糖，糖尿病漏诊率较高，理想
的调查是同时检查空腹血糖及 OGTT 后 2h PG 值。 
 
表1-1：美国糖尿病诊断标准[3] 
① 糖化血红蛋白 A1C ≥ 6.5％。试验应使用经过 NGSP 认证，且由 DCCT 试验标
化的方法在实验室测定*。 
或 
② 空腹血糖 FPG ≥ 126 mg/dL（7.0 mM）。空腹指禁食至少 8 小时*。 
或 
③ 口服 75 g 葡萄糖耐量试验 OGTT 2h PG ≥ 200 mg/dL（11.1 mM）。试验应按
照世界卫生组织（WHO）的标准进行，用 75 g 无水葡萄糖溶于水中作为糖负
荷。 
 或 
④ 患者有高血糖症状或高血糖危象，随机血糖 ≥ 200 mg/dL（11.1 mM）。 






















水平 ≥ 6.5%作为诊断切点。其原因，在我国 HbA1c 法诊断糖尿病的资料相对不足，
且其标准化程度不够。 
2. 综合控制目标： 
空腹血糖控制目标改为 4.4  7.0 mM；血压控制目标改为＜140/80 mmHg。甘
油三酯控制目标为＜1.5 mM；合并心血管病时，低密度脂蛋白胆固醇（LDL-C）
控制目标为＜1.8 mM；未合并心血管病，但年龄＞40 岁并有  1 种心血管危险因
素者，LDL-C 控制目标为＜2.6 mM。 
3. 妊娠期糖尿病 :  
诊断标准继续使用 2011 年我国卫生部发布的行业标准。取消 75 g OGTT 试验
服糖后 3 小时血糖水平，且空腹血糖标准改为   5.1 mM，服糖后 2 小时血糖标准










  11.1 
② 空腹血糖（FPG）， 
或 
  7.0 
③ 葡萄糖负荷后 2h 血糖无糖尿病症状者，需改日重复检查   11.1 
注：空腹状态指至少连续8 h没有进食热量；随机血糖指不考虑上次用餐时间，一天中任意时间的血糖，不能
用来诊断空腹血糖受损（IFG）或糖耐量减低（IGT）；ａ只有相对应的2 h 毛细血管血糖值有所不同，糖尿病：
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